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(54) MANUFACTURE OF ISOTROPIC BOND MAGNET 

(57)Abstract: 

PURPOSE: To provide a method of manufacturing an isotropic bond magnet of rare earth metal, 
iron, cobalt, and boron high in strength and excellent in magnetic properties. 
CONSTITUTION: Resin binder is added to magnetic powder composed of rare earth metal, iron, 
cobalt, and boron and formed through a quench solidifying method, resin binder-loaded magnetic 
powder is compression-molded by a pressure of over 120kgf/mm2, a molding die is released 
from a clamping force once and clamped again by a clamping pressure over a molding pressure, 
a molded magnet is released from the molding die and heated to harden resin. At this point, 1 to 
3% by weight of resin binder is added to magnetic powder 30 to 155p.m in average grain 
diameter. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach the presentation made by the rapid solidification method 
presses the magnetic powder of a rare earth metal, iron, and a cobalt boron system 
using a resin bond agent It is filled up with the powder which made the resin bond 
agent adhere to magnetic powder in a force plunger, and is 2 a 120 kgf/mm pressure. 
The manufacture approach of the isotropic bond magnet characterized by pressing 
above, once releasing a pressure, heating after compressing and releasing from mold by 
said compacting pressure and the pressure more than equivalent again, and hardening 
resin. 

[Claim 2] The manufacture approach of the isotropic bond magnet according to claim 1 
characterized by using the powder which coated with 1 ■ 3 % of the weight of resin 
binders the magnetic powder whose mean particle diameter is 30- 155 micrometers. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention can be used for the stator of a motor, Rota, etc. 
about the manufacture approach of the isotropic bond magnet which combined the RTB 
system magnetism powder with which a presentation consists of a rare earth metal, 
iron, and cobalt boron by resin. 
[0002] 

[Description of the Prior Art] The isotropic bond magnet of an RTB system has 
outstanding magnetic properties compared with the conventional hard ferrite and the 
alnico magnet, and a production process also becomes easy and it has the advantageous 
description in respect of cost in order to give neither not using expensive Sin nor a 
magnetic anisotropy, although it is inferior a little by magnetic properties compared 
with the Sm-Co system bond magnet of an anisotropy. As an application, it is applied to 
the stator for motors, such as a power tool and a hard disk, etc. 

[0003] The manufacture approach of an isotropic bond magnet manufactures the 
magnetic powder of an RTB system by the rapid solidification method and the crushing 
method, mixes the nature material of organic which is a binder, minerals material, or a 
low-melt point point metal like solder to that magnetic powder as indicated by 
JP,59-211549,A, and it is this mixed powder about 110 kgf(s)/mm 2 It presses by the 
pressure of extent. The consistencies obtained are about 6.0 g/cm3. It is extent (about 
80% of density ratios). 

[0004] Moreover, there is a proposal of carrying out densification of the Plastic solid and 
raising magnetic properties, by coating a magnetic powder front face with resin of a 
certain kind, and making it fluid good powder like a JP, 1-281707, A publication, that it is 
easy to slide on this powder particle at the time of shaping. By the way, also in present 
condition quality, although it is usable, as for the magnetic properties of an isotropic 



bond magnet, much more improvement in a property is desired for the improvement in 
an output of a motor, and power consumption reduction. For that purpose, since it 
depends for magnetic properties on the consistency of a Plastic solid, it is necessary to 
raise the space factor of the magnetic powder occupied to a Plastic solid. 
[0005] Moreover, the application of the member which exercises like Rota for motors on 
the other hand requires higher mechanical strength. However, the magnetic powder of 
an RTB system crushes the ribbon-like material produced using rapid solidification 
equipment with a stamp mill etc., the shape of flat is carried out, HV 700- 1000 also has 
hardness, and a powder configuration is very hard compared with HV 100-250 of the 
usual powder for powder metallurgy. Moreover, since this magnetic powder contains 
activity Nd, it not only causes degradation of powder, but the powder of a small particle 
size tends to produce oxidation reaction in atmospheric air and there is fear of ignition, 
the mean particle diameter of commercial powder is about 155 micrometers and a 
coarse thing. Therefore, a moldability is bad remarkable powder and made 
improvement in densification and reinforcement difficult. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention tends to offer the manufacture 
approach of an isotropic bond magnet of having outstanding mechanical characteristics 
and magnetic properties, and the fabricating method for the ability to improve a 
mechanical strength also by the same product consistency especially. 
[0007] 

[Means for Solving the Problem] In the approach the presentation made by the rapid 
solidification method presses the magnetic powder of a rare earth metal, iron, and a 
cobalt boron system using a resin bond agent in order that this invention may solve the 
above-mentioned technical problem It is filled up with the powder which made the resin 
bond agent adhere to magnetic powder in a force plunger, and is 2 a 120 kgtfmm 
pressure. Press above and a pressure is once released. After compressing and releasing 
from mold by said compacting pressure and pressure more than an EQC again, the 
manufacture approach of the isotropic bond magnet characterized by heating and . 
hardening resin is offered. 

[00Q8] Moreover, in the aforementioned manufacture approach, it is characterized by 
using the powder which coated with 1 - 3 % of the weight of resin binders the magnetic 
powder whose mean particle diameter is 30- 155 micrometers. An epoxy resin is suitable 
for the resin which is a binder. After kneading [ solvent ] resin with magnetic powder, it 
dries, and it is made into the shape of a cake, crushes it, and prepares it to the powder 
for shaping. 



[0009] Moreover, in order to make mean particle diameter of magnetic powder small 
The resin bond agent and solvent of commercial magnetic powder arid the specified 
quantity are put into the bessel of a vibration mill with grinding media. After carrying 
out predetermined time vibration where the inside of bessel is permuted by the inert 
gas gas ambient atmosphere, and grinding magnetic powder, It considers as the 
magnetic powder with which it considered as the shape of a cake which carries out 
volatilization removal of the solvent contained in the suspension of the magnetic powder 
obtained in an inert gas ambient atmosphere, and consists of magnetic powder and 
resin, and the cake was crushed in the inert gas ambient atmosphere, and coating of the 
resin was carried out. 

[0010] As the shaping approach, the usual metal mold equipment by the dice and punch 
is used. Powder is filled up with a predetermined pressure into the mold made from 
elastic bodies which carry out the first shaping and the 2nd step of shaping, such as an 
approach and rubber. CIP - the first rank - the approach which releases from mold by 
carrying out the 2nd step of pressurization after operating orthopedically and removing 
a pressure or this preforming object after filling up a dice with an inner hole with a 
taper with powder and compressing by punch - a side with the large inner hole 
dimension of a dice - punch - moving - the first rank - after canceling the pressure 
concerning a Plastic solid, there is the approach of carrying out the 2nd step of 
pressurization and releasing from mold from a side with the large inner hole dimension 
of a dice. 

[0011] Resin hardening processing of a Plastic solid is performed by resin's hardening 
[ temperature ] at about 160- 180 degrees C, and carrying out time amount maintenance. 
In addition, in order to prevent oxidation of magnetic powder as much as possible, as for 
adjustment of powder, compression molding, and heat- treatment, it is desirable to carry 
out in inert gas ambient atmospheres, such as argon gas. 
[0012] 

[Function] First, the resin which is a binder affects the reinforcement of a product with 
the adhesion approach and coating weight. Although powder alligation and the coating 
method by kneading are mentioned as the adhesion approach, the coating method of 
reinforcement is higher, and since antioxidizing of the front face of magnetic powder is 
covered and carried out, it excels. 

[0013] The coating weight of resin affects a shaping consistency and the reinforcement 
of a Plastic solid. Although the amount of resin rises proportionally mostly to coating 
weight to 2.0 % of the weight, even if the reinforcement of a Plastic solid adheres more 
mostly than 2.5 % of the weight, it does not rise. On the other hand, the amount of resin 



produces a crack in a Plastic solid at less than 1%. Moreover, if a shaping consistency 
shows maximum with the 1.5 ■ 2 % of the weight of the amounts of resin and 2 % of the 
weight is exceeded, it will serve as a fall inclination, and if 3 % of the weight is exceeded, 
it will fall rapidly. Therefore, the amount of resin is 1.5 • 2.5 % of the weight desirably 
one to 3% of the weight. 

[0014] Next, the grain size of magnetic powder affects the reinforcement and magnetic 
property of a product. It follows on the reinforcement of a product becoming finer than a 
case with a mean particle diameter of 155 micrometers marketed, it becomes high 
gradually, and becomes max by 40 micrometers, and if the reinforcement at the time of 
30 micrometers and 155 micrometers shows the almost same value and is finer than 30 
micrometers, reinforcement will fall rapidly. Magnetic property is equivalent with a 
mean particle diameter of 155 40 micrometers in between, and gets worse by less than 
30 micrometers. Therefore, 30- 155 micrometers of particle diameter of magnetic powder 
are 40-100 micrometers desirably. 

[0015] Next, although it is the shaping approach, in one usual shaping, the consistency 
of a product rises with the increment in compacting pressure, and reinforcement and 
magnetic properties are improved in connection with it. However, compacting pressure 
250kgf/mm2 A consistency does not rise as for the above. It is the same as that of the 
former that a consistency rises and reinforcement and magnetic properties are 
improved in connection with it on the other hand by the increment in welding pressure 
although it is a double-shot molding method. However, the high property which is not 
acquired is acquired in l time shaping usual in the reinforcement of a product. If an 
important thing is not more than welding pressure with compacting pressure here, the 
effectiveness of double-shot molding is not accepting at all. That is, the compacting 
pressure of the first rank is 2 110 kgf(s)/mm. It is not below different from the case of 
l time shaping at all. Compacting pressure 120kgf/mm2 of the first rank Above, the 2nd 
step of compacting pressure also becomes equivalent to the first rank, or more than it, 
and the effectiveness of the improvement in on the strength shows up. for example, the 
usual ltime shaping - pressure 250kgf/mm2 the consistency obtained - 6.35 g/cm3 - 
reinforcement - 1830 kgf/cm2 It compares with a thing, it is - It is [ the first rank and ] 
the 2nd step 200 kgf(s)/mm, respectively 2 When it fabricates, consistencies are 6.35 
g/cm3. Reinforcement is [ 2130 kgf/cm2, the first rank, and ] the 2nd step 250kg/mm, 
respectively 2 When it fabricates, it is 3 6.40g/mm. Reinforcement is 3000 kg£tem2. It 
becomes. 

[0016] If this considers the magnetic powder of the shape of flat [ with which resin was 
covered ] from the process which carries out pressing, along with the increment in 



welding pressure, the space between powder will decrease in number gradually first, 
and a consistency will rise. If welding pressure is furthermore gone up, while some 
particles are crushed, a consistency will rise further, but the flat particle is in the bridge 
condition arranged at random, and even if it increases welding pressure, a consistency 
will not rise any more. Then, if a pressure is released, springback of the Plastic solid 
will be carried out and it will produce few clearances between particles. Subsequently, if 
the 2nd step of pressurization is carried out, it will be arranged by right-angled ** to the 
pressurization direction, and a consistency will rise, and many of flat particles will be 
imagined to be those to which reinforcement becomes high when the touch area between 
particles increases. 
[0017] 

[Example] [Example l] It was made by the rapid solidification method the used 
magnetic powder contains cobalt for iron 67.0% of the weight, and contains 24.6 % of the 
weight and boron for neodium 1.7% of the weight 5.2% of the weight, and mean particle 
diameter is 155 micrometers. 

[0018] Resin coating melted the epoxy resin to the solvent, and kneaded this solution 
and magnetic powder by the kneader. Then, the solvent was dried using the thermostat 
permuted by argon gas, and the magnetic powder front face was coated with the epoxy 
resin. The amount of resin is 2.0 % of the weight. This powder is used and it is the 
pressure of the first rank 100 to 300 kgflmm 2 The fabricated sample was produced. 
[0019] Next, metal mold with a somewhat larger inner hole than the metal mold used by 
the first rank is used, and it is the pressure of the first rank 100 to 250 kgf/mm 2 It is 
the fabricated test piece a 100 to 250 kgf/mm pressure 2 The 2nd step of shaping was 
performed. Then, with the thermostat which permuted each of the sample (example of a 
comparison) fabricated once, and the sample which carried out double shot molding by 
argon gas, at the temperature of 160 degrees C, it heated at the temperature of 180 
degrees C further for 1 hour, and resin hardening was given for 1 hour. A sample 
dimension is 10mm in the diameter of 11.3mm, and height. 

[0020] Next, the compressive strength of a residual magnetic flux density, a maximum 
energy product, and sample shaft orientations was measured as a consistency and 
magnetic properties about each sample. Compressive strength is the maximum in the 
stress-strain curve Fig. when compressing a test piece by part for 0.5mm/of compression 
velocity using a compression tester. First, about the property of the sample of l time 
shaping of the example of a comparison, a consistency and the relation of a maximum 
energy product are shown in the relation between a consistency and compressive 
strength, and drawing 6 , and the relation between a consistency and a residual 



magnetic flux density is shown in drawing 4 at drawing 7 at the relation between 
compacting pressure and a consistency, and drawing 5 . 

[0021] Drawing 4 to compacting pressure 250kgf7mm2 A consistency serves as 
maximum 6.35 g/cm3, and it turns out that a consistency does not rise even if it applies 
a pressure more than it. drawing 5 to a consistency, and compressive strength -: a 
correlation - it is - the maximum of compressive strength - 1830 kgf/cm2 it is . 
Drawing 6 and drawing 7 show that magnetic property shows such a good property that 
a consistency is high. 

[0022] Next, drawing 1 shows the effectiveness of this invention about the 
reinforcement of the test piece produced by the double-shot molding method. In addition, 
the result of the usual l time shaping shown in drawing 5 for the comparison was also 
written together. A white round head shows the value by the usual ltime shaping, and 
a black dot is the value of a double-shot molding method. The compacting pressure of a 
double shot molding method shows the 2nd step of pressure to the left-hand side of an 
arrow head the pressure of the first rank, and on the right-hand side of the arrow head. 
[0023] The pressure of the first rank is 2 100 kgf(s)/mm: For a test piece, the 2nd step of 
pressure is 2 150 kgf(s)/mm. It is the reinforcement which can be attained by the usual 
shaping approach but, and there is no effectiveness of this invention. However, the 
pressure of the first rank is 2 120 kgf(s)/mm. If it becomes above, reinforcement will 
improve by leaps and bounds, here - it should mention specially - compacting pressure 
150kgf/mm2 of the first rank, and the 2nd step of pressure 150kgf/mm2 a test piece - 
the usual shaping approach - pressure 200kgf/mm2 although the test piece and 
consistency which were produced are the same - a value with high reinforcement - 
being shown - **** " 250kgf/mm2 of the further usual shaping approach It is a high 
value. 

[0024] Moreover, it is [ the first rank and ] 2 250 kgf(s)/mm the 2nd step. What was 
fabricated is 3000 kgf/cm2 which is 1.6 times the maximum of the compressive strength 
obtained with a conventional method. It is obtained. 

[An example 2] The magnetic powder with which the mean particle diameter by which 
put the magnetic powder with a mean particle diameter of 155 micrometers used in the 
example 1, the epoxy resin melted into a solvent, and the ball for grinding into the 
planet ball mill, and took out in the thermostat permuted by argon gas after carrying 
out predetermined time operation, where the inside of a mill is permuted and sealed by 
argon gas, made dry a solvent, crushed cake-like powder in argon gas, and coating was 
carried out with an epoxy resin differs produced. The amount of resin is 2.0 % of the 
weight. 



[0025] Next, after putting in metal mold into the argon gas ambient atmosphere and 
pressing each powder by the double shot molding method using the adjustable ambient 
atmosphere molding press, resin hardening processing was carried out like the example 
1. compacting pressure - the first rank and the 2nd step " 250kgf/inm2 it is . 
Compressive strength, the residual magnetic flux density, and the maximum energy 
product were measured about the obtained sample. 

[0026] Mean particle diameter and the relation of each measurement result are shown 
in drawing 2 . Compressive strength becomes high gradually in connection with particle 
size becoming small, and maximum is shown when mean particle diameter is 40 
micrometers. If particle size becomes small from 40 micrometers, reinforcement falls 
and mean particle diameter shows 30 micrometers and the 155 micrometers of the 
almost same values. The inclination which will get worse if magnetic property shows an 
equivalent value and becomes smaller than 40 micrometers while mean particle 
diameter is 155*40 micrometers is shown. 

[0027] Although a property with the mean particle diameter of magnetic powder good 
[ at least 155 micrometers with marketing ] is acquired from this, in order to obtain 
higher reinforcement, it turns out that mean -particle-diameter the order of 50 
micrometers is good. 

[Example 3] The powder with which the amounts of coatings of an epoxy resin differ 
was produced by the same approach as an example 1 using magnetic powder with a 
mean particle diameter of 155 micrometers. 

[0028] Next, the 2nd step is [ the first rank and ] each powder with which the amounts 
of resin differ 150 kgf(s)/mm 2 After fabricating by the pressure, resin hardening 
processing was carried out like the example 1, it considered as the sample, and a 
consistency and compressive strength were measured. The relation between the amount 
of resin, a consistency, and compressive strength is shown in drawing 3 . If there are few 
amounts of resin than 1 % of the weight, a crack will be produced in a Plastic solid. 
[0029] A fall will become remarkable, if a consistency shows maximum and exceeds 3 % 
of the weight, while the amount of resin is 1.5 - 2 % of the weight. Compressive strength 
will rise, if the amount of resin is increased, and even if maximum is shown and it adds 
more than it at 2:5 % of the weight, it is ineffective. 1 % of the weight or more to which a 
crack does not come out of the amount of resin from this is required, and it is to 3 % of 
the weight which a consistency does not make remarkably low. Preferably, it turns out 
that it is just over or below 2 % of the weight. 
[0030] 

[Effect of the Invention] According to the manufacture approach of this invention, 



production of a bond magnet which has the magnetic properties and the high 
reinforcement which cannot be attained by the usual shaping approach is possible. 
Application on current, the OA equipment with which small lightweight-ization 
progresses, or the motor for power tools which needs a high torque characteristic 
becomes possible at little cost. Moreover, since the magnetic properties of the isotropic 
bond magnet manufactured by this invention are not equal to a general-purpose 
anisotropy Sm Co bond magnet and do not need Sm, industrial value is large. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the graph which shows the relation between the consistency in this 
invention, and compressive strength. 

[Drawing 21 It is the graph which shows the relation between the mean particle 
diameter of the magnetic powder in this invention, and compressive strength, a residual 
magnetic flux density and a maximum energy product. 

[Drawing 31 It is the graph which shows the relation between the amount of resin in 
this invention, and a consistency and compressive strength. 

[Drawing 41 It is the graph which shows the relation between the amount of moulding 
pressure in the conventional 1-time shaping, and a consistency. 

[Drawing 51 It is the graph which shows the conventional consistency and the 
compressive strength in 1-time shaping. 

[Drawing 6l It is the graph which shows the consistency in the conventional 1-time 
shaping, and the relation of a maximum energy product. 

[Drawing 71 It is the graph which shows the relation between the consistency in the 
conventional 1-time shaping, and a residual magnetic flux density. 



[Translation done.] 
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k g f /mm 2 2l&B<Oj£^ffi;fcfc«)SiP]^ 

. ii^O 1 fmf&M-vmfi 2 5 0 k g f /mm 2 "C 
35g/cm 3 T'»S^1 8 30k 
g f/cm 2 T?*>5©»c:Jfc'<, V)Wtk 2fkn**:1X*:)X 

2 00 k g f /mm 2 6 . 3 5g/ 
cm 3 T?3aS* 5 2 1 3 0 k g f /cm 2 , UJSri: 2ISS 
5:^^*12 5 0 k g/mm 2 T«t5i: 6. 40 g 
/mm 3 -C3fi£^3 000kg f/cm 2 



4 

[0016] ro-irtt, m%&imzfrtz-m¥-ft<Dm 
ttt&* Srflpff 5 *=> s £ x mmt)<om 

[0 0 17] 

[HiS^J] C!!i£{*J i ] ffli^fc««R*fi, ^6 7. 
0fi*%, =>aVVH&5. 2*4%, *;*-^*A£2 
4. 6lt%, fttM*n^fcl. 7fi*%^ff-*-3lUfi 
®SfeTf^e>tufctOt?, TOftT-&Ktl 5 5 umX-h 

[ 0 0 1 8] »JB=«— 7-4 f^tt. *§2F]^*K=^>ttffli 

fc. «J!ico»fi2. 0lt%tfc5. rco*&*S:«t\ 
W^WJE^I S: 1 0 0 ~ 3 0 0 k g f /mm 2 T?J5fe^ bfc 

[0019] «J®:T^ffl Istc&m X V rta*^> b 

^#V>-feSSrffl^\ laift^JE^Sr 1 0 0~2 5 0 k g f 
/mm 2 -Cfiic^ Lfcl*^Jt Srffi^J 100~250kgf 
/mm 2 -C2l9;S(O^SrtTofc <) ^(75^, 

=rv^^-ee^Lfctitaw-ctas 1 6 o^-e 1 mm> M 

i|s|.^-5£iia:S 1 1 . 3mm, fi£ 1 0mm-Cfo5o 
[0 0 2 0] =&f*WcoV^T?Ba, L- 

E«li^S0. 5mm/^-Cf«^M-SrJEJ^Lfci:^(0^ 

40 ia5^aijE^gwiais, Ei6»c^sta^: 

[00 2 1 ] 124*^, $LWM.tl2 5 0 kg {/ram 2 
-e^£A j a^:ffi6. 3 5 g/cm^tii!), -?:ixjy±ffi 

1830kg f/cm 2 T?*>5. El 6X0=121 7 K 
[0 0 2 2] J^tC, laitt, 2lft^^ < }:*)^®iL^ 
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5. fc*>\ Jfc$fc(Ofc«>0 5 tC^ Lfcil&O 1 ®f$.M<OU 

[00 2 3] %)Wl<D&.jj& 1 0 0 k g f /mm 2 <£>i*ifc 
2t@OE^150kgf/mm 2 -et,iS^» 

\>\ LA>U ty&<D&t)1> i 1 2 0 k g f /mm 2 fii-kU: 

Hjew^EE^I 1 5 0 k g f /mm 2 , 2SI©E^3 1 

5 o k g f /mm 2 ©tw^tt* mm<vf&MJ?m-Q&*> 

2 0 0kg f /mm 2 -Cf^KLfcWIfcJtittftttBItT? 

fc, ii^CDfiE^i£<D 2 5 0 k g f /mm 2 ± <Q 

[0 0 2 4] £fc, S)tt2eii:t)lC2 50kg f/ 
mm 2 T?^Lfdt>©(4, f£*ifrCl*&*b«ffllBa«<0 
t^f©l. 6fgt?*)5 3 0 0 0 k g f /cm 2 

[Hlfetffl 2] HJi60iJ 1 -Cffl^fc WftT-S 155nm© 

5fc£fE$iLfco #tJ!i©*tt2. 0**%-C*)5« 
[0 0 2 5] pr*#H«*»^^SrfflV\ 4tm 

fc. cJOnEAl±«0ft'. 2g|*l:250kgf /mm 2 

[0 0 2 6] E12^*&i|4^i:«-fflO^*Oli^Sr^ 
•To. JE«t3SStt> ttS^/J^ < teZ<D\zft\,*ft.?g\zn< 
* 9 » ¥ i$>tiL*&t>s 40/imOi 4 0 

A m±!) ttfi#/h $ < ft * 1 &ga s <6;T LT¥^S 
#3 0 » tab 1 5 5 n ml;i:»5l£|5] tMKSr* LTt^3 0 ^ 
TOBH 1 ^ 1 5 5 ~ 4 0 m m0>Mf*lnl«& 

[0027] esttilftjfcoTO&^gte, 
ml£©£*©l 5 5 M m-et>S»ft^14* 5 #bix5a^ 



5 

ftf-XhZZk&m*,, 
[H1S0IJ3) 5 5 nm<om&&3i&m\<\ 

[00 2 8] tttfli*a^ft5#t»*Sr^l9;&0 J 2 
S|#|:i50kgf/mm 2 <OE.jjX&Bi,tc&. H 

[002 9] 1 . 5-2 S*%<ora-C 

**fit£^U 3a*%£&;L5i:{g;TtfS¥U<&5. 
JBRSBi«f4> «Mg*£itflD-r*i:±#U 2. 5fi*% 

[0 0 3 0] 

i-S«i!)XAffl^~^^©iSffl*s, '>ftv>3^ bX^JtH 

[HHi©«¥*tMn 

so [01 ] *^KI-*>Mt5^«i:ffi«l3SSWia^^-r^ 
[0 2] ^Wlc*stt Wtt^-Si:* ffi«S 

[04] St5l5(DllH]^»cio«t5^;0ffifl:i:«f«<Oia« 

[06] ^OllUfiK^I-JBItS^irSrTC^^^- 
[0 7] ^WllHlfig^Jc:tJ»t.5ffiSi:5Se^*5B«<0 
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(6) 



[695 ] 



[86] 




8? at (g/cmfl) ffi tSt Cg/cm3) 



[07] 



* 



75 h 



70 



155/tm 



6J5 



60 



62 63 
: (g/cm 3 ) 



a4 



